ABSTRACT: The reaction of alkyl sulfinates with alkynyl(aryl)iodonium salts provides a facile access in to otherwise difficult to obtain alkyl alkynyl sulfones and cyclic vinyl sulfones via 1,2-rearrangement or 1,5-CH insertion respectively. In benzyl sulfinates, 1,5-CH insertion is not possible so addition to the aromatic ring occurs followed by ring expansion to generate novel bicyclic sulfones.
INTRODUCTION
The sulfone is an important functional group found in a wide variety of useful compounds including natural products, drugs and materials. Examples of drug molecules with these characteristics include the antimigraine agent Vioxx 1 and the anti-androgen Casodex.
cyclic sulfones due to the dearth of preparative methods and the potential value of these compounds.
Scheme 2 Reactivity of alkynyl(aryl)iodonium salts with nucleophiles under aprotic conditions
The C(sp 3 )-H carbene insertion process occurs rapidly at room temperature and is a valuable route in to cyclic compounds. Alkynyl(2-anisyl)iodonium tosylates are readily prepared in one step from terminal arylacetylenes and 2-iodoanisole under oxidative conditions, 14 using modified Olofsson's conditions, 15 and some sodium sulfinates are commercially available while others can be prepared in one step from sulfonyl chlorides.
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RESULTS AND DISCUSSION
We initiated our investigation with the preparation of the three alkynyliodonium salts 1, 2 and 3 (Scheme 3). We expected to achieve greater yields with our salt 2 compared to 1, in accordance with our previous work, and wished to compare them both with salt 3 which has been reported recently by Carroll and co-workers. 17 They found that trifluoroacetate salt 3 is readily prepared and that it is more stable than the corresponding tosylate salt 1. Interesting, they also found that exchanging the counterion from tosylate to trifluoroacetate led to a switch in the regiochemistry in the formal cycloaddition with 2-aminopyridine.
Scheme 3 Preparation of alkynyl(aryl)iodonium salts 1-3
Each of these salts along with sodium sulfinate 4a was dissolved in a 3:1 mixture of CH 2 Cl 2 and water and the phase transfer catalyst tetraethylammonium bromide was added. Moderate yields of the alkyne 5a were obtained in each case along with some of the cyclized product 6a (table 1, entries 1-3). Attempts to improve the ratio of products in favor of the cycle 6 by varying solvents and removing the phase transfer catalyst were unsuccessful. Notably, the reaction was successful in all solvents tested including trifluoroethanol, acetonitrile, methanol, ethyl acetate and tetrahydrofuran but the yields were slightly lower. In addition, the absence of the phase transfer catalyst led to slightly diminished yields. However, with the expectation that insertion in to a secondary C-H bond would be faster than in to a primary C-H bond, sulfinates 4b and 4c were added to the iodonium salts and we were pleased to find that increased yields of 6 were obtained with a 2:1 preference for C-H insertion observed with 4c (table 1, entries 4-9). When isopropyl sulfinate was used insertion in to the primary C-H bond to form 6d was observed. Formation of cycle 6e from sulfinate 4e must proceed through insertion in to a tertiary C-H bond and this process was indeed favorable compared to rearrangement to 5e, however the 5/6 ratio was not superior to the results with insertion in to secondary C-H bonds (table 1, entries [13] [14] [15] .
When the sulfinate contains a pendant alcohol, ester or trifluoromethane group, 1,2-rearrangement is the exclusive reaction pathway (table 1, entries [16] [17] [18] [19] [20] [21] [22] [23] [24] . This suggests that insertion into the O-H bond to form 6f is not facile and the electron-withdrawing effects of the ester and trifluoromethane groups make insertion into the adjacent C-H bond more difficult. However, when cyclopentane sulfinate 4i was used the C-H insertion was favored in a 2:1 ratio as expected, but iodonium salt 1 proved completely ineffective (table 1, entries 25-27) .
From the full set of results, it can be seen that the 2-iodoanisole derived iodonium salt 2 does lead to better yields than iodobenzene derivative 1, in many but not all cases, and trifluoroacetate salt 3 is competitive with 2 and is superior in some cases. However, the ease of preparation of 3, alongside these results, means that its use is preferable to 1 or 2. Substituted alkynyliodonium trifluoroacetate salts 7 and 12 were prepared and treated with sulfinates 4b and 4c under our standard conditions (Scheme 4). 1,5-C-H insertion was the dominant process in these cases but rearrangement also occurred.
Scheme 4 Reactivity of alkynyl(aryl)iodonium salt derivatives
Next, we turned our attention to the use of benzyl sulfinates 4j and 4k to see if the absence of a -C-H bond would lead to the exclusive formation of the rearrangement products 5j and 5k or if different reactivity would be revealed. In the event, rearrangement products 5j and 5k were formed, however the major compounds formed were 17 and 18 via cyclopropanation of the benzene ring followed by Buchner-type ring expansion (Scheme 5). 19 These compounds can be isolated from the reaction mixture by flash chromatography but, unfortunately, they decompose overnight on standing at room temperature. Feldman reported the formation of unstable, non-isolable azaanalogues of these compounds through a related pathway. Scheme 5 Addition of benzyl sulfinates leads to Buchner-type ring expansion
In conclusion, we report the facile preparation of alkyl alkynyl sulfones and cyclic vinyl sulfones from alkynyl(aryl)iodonium salts and alkyl sulfinates in one step. When benzyl sulfinates are used the major products formed are via cyclopropanation of the benzene ring followed by Buchner-type ring expansion. These sulfone compounds are otherwise difficult to access so this method should allow their exploitation.
EXPERIMENTAL SECTION
General.
1 H NMR and 13 C NMR spectra were recorded in ppm from tetramethylsilane with the solvent resonance as the internal standard. Mass spectrometry (m/z) was performed in ESI mode (qTOF), with only molecular ions being reported. Infrared (IR) spectra  max are reported in cm -1 . All purchased reagents were used as received without further purification. Petroleum ether refers to the fraction boiling between 40 -60 o C. Sodium sulfinate salts were synthesized from the corresponding sulfonyl chlorides using a published method and used straightaway. 16 Phenyl iodonium tosylates were prepared according to Olofsson's method. 15 2-Anisyl iodonium tosylates were prepared according to our previously published procedure. 14 Iodonium trifluoroacetates were prepared according to Carroll's method.
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General Procedure. To a solution of the iodonium salt (0.54 mmol) in dichloromethane/water (4 mL, 3:1 mixture) at room temperature was added the sodium sulfinate salt (0.81 mmol) and tetraethylammonium bromide (0.11 mmol). After two hours, distilled water was added (2 mL ((Cyclopentylsulfonyl)ethynyl)benzene 5i. Product synthesized following the general procedure.
A yellow oil was obtained (9 mg, 19%). (sextet, 2H, J = 7.5 Hz), 1.13 (t, 3H, J = 7.5 Hz). -5-(p-tolyl)-2,3-dihydrothiophene 1,1-dioxide 
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